Criollo breeds, that is, those breeds of European origin but present and developed in the tropical regions of Latin America, may represent a ready source of adapted germplasm that could offer flexibility to beef production systems in subtropical areas or boundary areas of subtropical and temperate conditions or seasons. ABSTRACT: The use of Brahman in cow-calf production offers some adaptation to the harsh characteristics of endophyte-infected tall fescue. Criollo breeds, such as the Romosinuano, may have similar adaptation. The objectives were to estimate genetic effects in Romosinuano, Angus, and crossbred cows for their weights, weights of their calves, and ratios (calf weight:cow weight and cow weight change:calf weight gain) across lactation and to assess the influence of forage on traits and estimates. Cows (n = 91) were bred to Charolais bulls after their second parity. Calves (n = 214) were born from 2006 to 2009. Cows and calves were weighed in early (April and June), mid-(July), and late lactation (August and October). Animal was a random effect in analyses of calf data; sire was random in analyses of cow records and ratios. Fixed effects investigated included calf age, calf sex, cow age-year combinations, sire breed of cow, dam breed of cow, and interactions. Subsequent analyses evaluated the effect of forage grazed: endophyte-free or endophyte-infected tall fescue. Estimates of maternal heterosis for calf weight ranged from 9.3 ± 4.3 to 15.4 ± 5.7 kg from mid-lactation through weaning (P < 0.05). Romosinuano direct effects (of the cow) were -6.8 ± 3.0 and -8.9 ± 4.2 kg for weights recorded in April and June. Calf weights and weight gains from birth were greater (P < 0.05) for calves of cows grazing endophyte-free tall fescue except in mid-summer. Cow weight change from April to each time was negative for Angus cows and lower (P < 0.05) than other groups. Cows grazing endophyte-free tall fescue were heavier (P < 0.05) at all times but had more weight loss in late lactation. Angus cows had the lowest (P < 0.05) ratios (negative) of cow weight change:calf weight gain, indicating an energy-deficit condition. Cows grazing endophyte-free tall fescue had more negative (P < 0.05) values for this trait but not in early lactation (P < 0.05). Estimates of heterosis ranged from 12.8 ± 9.5 to 28.6 ± 9.4 kg for cow weight, 7.9 ± 3.0 to 15.8 ± 5.0 kg for cow weight change, and 0.07 ± 0.03 to 0.27 ± 0.1 for cow weight change:calf weight gain. Direct Romosinuano effects ranged from 14.8 ± 4.2 to 49.8 ± 7.7 kg for cow weight change and 0.2 ± 0.04 to 0.51 ± 0.14 for cow weight change:calf weight gain. The adaptive ability of Romosinuano in temperate fescue regions may be favorable with respect to relative cow and calf weight but may be a consequence of lower milk-producing ability.
INTRODUCTION
systems in Florida (Riley et al., 2014) attempted to assess such potential, either as a complement or an alternative to the use of the American Brahman. The usefulness of Brahman extends much farther north than Florida; the breed has been characterized as having some adaptation to the conditions in the fescue belt of the United States, through the ability to maintain performance and tolerate the toxic effects of the endophyte present in tall fescue (Brown et al., 1996 (Brown et al., , 2000 (Brown et al., , 2001 Brown and Brown, 2002; Browning, 2000) . The objectives of this work were to estimate genetic effects in Romosinuano, Angus, and crossbred cows for weights of their Charolais-sired calves, their own weights, and ratios (calf weight:cow weight and cow weight change:calf weight gain) across lactation and to assess the influence of forage grazed on those traits and estimates of genetic effects.
MATERIALS AND METHODS
All procedures involving animals were approved by the USDA, ARS, Animal Care and Use Committee.
Animals
Most cows in this project were spring born from 2002 through 2004 at the Subtropical Agricultural Research Station (STARS) near Brooksville, FL. The cattle used in this project and their ancestors were previously described in detail (Riley et al., 2007 (Riley et al., , 2011 . In brief, the Angus research herd at that location consisted of descendants of Angus cattle from Florida and Georgia and a large seedstock Angus source in Maryland (Riley et al., 2007 (Riley et al., , 2011 . That herd was, in large part, a closed herd and Angus bulls from outside the research herd were obtained from Florida and Georgia seedstock producers that were considered to be representative of modern Angus bloodlines (Riley et al., 2007) . American Angus Association EPD were not used to identify and choose outside source bulls, but current (September 2015) average birth, weaning, and yearling weight EPD of the outside source Angus bulls were 0.5, 5.5, and 9.1 kg larger than those (that were available) for bulls from the research herd. Angus females were also purchased in Arkansas (n = 18 with records) that were considered to be representative of modern Angus cattle. Romosinuano embryos were imported separately from Costa Rica and Venezuela (Riley et al., 2007) . Those embryos were by 6 and 12 sires and 7 and 22 females from each source, respectively, and were chosen to be representative of the blood lines present in the breed at the times imported (Riley et al., 2007) . Cows with records in these data were produced by matings of Romosinuano and Angus bulls and cows-this project herd comprised 145 cows; 91 had records in these data. That subset included Romosinuano (n = 28), Angus (9 STARS and 20 outside sources), Romosinuano-sired F 1 cows (n = 7), and Angus-sired F 1 cows (sired by STARS bulls, n = 7, and sired by outside Angus bulls, n = 19). Angus cows from the Florida research herd with records were sired by Angus bulls native to the STARS herd (n = 9) as well as Angus bulls that were from outside of the herd (n = 3), which were chosen as representative of modern Angus types and popular bloodlines. Cows from the Florida herd were exposed to Mashona or Tuli bulls beginning at weaning . After those first parturitions, cows were exposed to bulls in a 90-d spring breeding season in which the F 1 cows and one-half of each purebred group were exposed to Brahman bulls and the remainder of the purebred females were exposed to bulls of the other breed. Cows were randomly chosen and transported by semi-trailer to the USDA, ARS, Dale Bumpers Small Farms Research Center, Booneville, AR, in November of each year. Angus cows purchased in Arkansas were bred to calve as 2-yr-olds to Angus bulls. All cows were subsequently exposed to primarily Charolais bulls in spring breeding seasons from 2005 to 2009; during those years, some Angus and Romosinuano cows were bred to produce purebred calves. Breeding seasons began in April or the first week of May and had average length of 68.5 d. Cows bred in Arkansas calved on pasture between early February and early April of each year. Calves were identified and weighed as soon after birth as possible. Males were castrated by banding at that time. Calves were weaned in late September or early October of each year.
Cows were randomly assigned to graze tall fescue [Lolium arundinaceum (Schreb.) Darbysh, Schedonorus phoenix (Scop.) Holub, and Kentucky 31] without or with endophyte (Neotyphodium coenophialum) or common bermudagrass [Cynodon dactylon (L.) Pers.] pastures each year. In 2007 and 2008, subsets of cows (a total of 38 Angus and 37 Romosinuano cows) were assigned to trials associated with the 2 types of tall fescue as treatments (Burke et al., 2010) ; however, cows were not permanently assigned to one forage and grazed more than one forage across the project. Pasture fertilization for tall fescue and bermudagrass and soil types were previously described (Brown et al., 1993; Burke et al., 2010) . Stocking rate was 1.25 cows or cow-calf pairs/ha; tall fescue paddocks were 16 or 24 ha and bermudagrass paddocks were 16 ha. Cows were not fed concentrates but allowed ad libitum access to a trace mineral mix and fed bermudagrass hay only in the few occurrences of snowfall.
Calf and cow weights were recorded across the lactation period each year. Depending on the year, calves and cows were weighed in 1) late April or early May, 2) late May or early June, 3) July, 4) August, and 5) at weaning in late September or October. Cows and calves were weighed on the same day. August weights were not recorded in all years.
Traits Evaluated
Calf and cow weights were dependent variables. Calf gain and ADG were calculated for 5 intervals, that is, from birth to each of the subsequent weigh dates, and also for each interval between times of record, that is, birth to April, April to June, June to July, etc. Cow weight change was calculated for the intervals from the first weight of record in April of each year to each subsequent weighing, resulting in 4 distinct traits, and also for the intervals between times of record, resulting in 4 more traits.
Calf and cow weights or weight changes were used to construct other dependent variables. Calf weight was evaluated as a proportion of cow weight for each time of record across lactation. Cow weight change per kilogram calf gain was calculated across lactation corresponding to the intervals described above. Simple statistics for all of these dependent variables are shown for calves and cows in Tables 1 and 2 , respectively.
Analyses of these traits were limited to records of Charolais-sired calves and the corresponding records of their dams.
Statistical Analyses
Analyses were conducted using ASReml (Gilmour et al., 2009) . Preliminary analyses were conducted to assess the source of the Angus sires used to produce these cows as an effect. Preliminary analyses were conducted to assess any differences between Angus cows purchased in Arkansas and those produced in Florida. There was limited evidence of differences for cow weight or weight change (but never calf weight or calf weight gain; P > 0.28) at some times of record between the Angus females sired by STARS bulls and the Arkansas cows. The Angus cows from Florida that were sired by outside Angus bulls had means for most traits that were very similar to those for the purchased Arkansas cows. Therefore, the Angus sire breed was initially modeled as 2 sire breeds for comparison: 1) Angus bulls born and raised in the STARS herd and 2) Angus bulls from Florida or Georgia producers and Angus sires of those cows purchased in Arkansas, with the intent of combining if differences were not detected (Riley et al., 2007 Contrasts of sire breed × dam breed interaction means were used to estimate genetic effects (Dickerson, 1973) . Heterosis was estimated as the difference between the F 1 average and purebred average for traits, for example, 1/2 [(RA + AR) -(AA + RR)], in which first and second letters in a pair of letters indicate breed (R = Romosinuano, A = Angus) of sires and dams of cows in the group as representation of breed group. These estimates represent the effects of heterosis in cows for the traits of this study and, therefore, indicate maternal heterosis (as Olson et al. [1993] used this term) with respect to calf traits before weaning. Romosinuano breed effects of the cow on calf traits (grandmaternal effects; Dearborn et al., 1987; Brown et al., 2000) were estimated as the difference between the reciprocal crossbred groups 1/2 (AR -RA). The direct Romosinuano breed effects of cows were estimated as the difference of the straightbred means minus the Romosinuano (grand) maternal effect: RR -1/2 (AR -RA) -AA. When, in subsequent analyses, forage type or its interaction with other main effects explained substantial trait variation (P-value of F ratio <0.05), genetic effects were also (distinct from the analyses that did not model forage type) estimated from those analyses, which modeled the effect of forage type.
RESULTS AND DISCUSSION

Calf Weights and Gains
Random effects modeled for calf weights across lactation consisted of the additive genetic component and a component representing maternal permanent environmental effects.
Birth Weight. No differences in birth weight could be attributed to source of Angus sires of cows (P > 0.21). No parameterization of cow age was kept in final models of birth weight (P > 0.43); however, year of record approached significance (P = 0.18). Although the interaction of sire and dam breeds (of cows) was not detected (P = 0.37), Angus-sired cows had heavier (P = 0.003) calves at birth than Romosinuano-sired cows (38.3 ± 0.53 and 36.0 ± 0.63 kg, respectively). This appeared to be consistent with birth weights of Charolais-sired calves for Romosinuano crossbred cows (first cross with MARC III [three-fourths British and one-fourth Continental European composite] or Angus) and Angus or Hereford crossbred cows (with MARC III) in Nebraska (Wheeler et al., 2006) . Birth weights of MARC III-sired calves out of Romosinuano crossbred cows (with MARC III or Angus) were approximately the same as calves of Brangus-, Beefmaster-, and Bonsmara-sired cows in Louisiana but lower than those groups in Nebraska . In the companion study in Florida, Romosinuano calves were lighter at birth than calves from F 1 cows but did not differ from calves of Angus cows (Riley et al., 2014) , in which all calves from F 1 cows and approximately one-half of the calves from the straightbred cows in that project were sired by Brahman bulls. Bulls were heavier than heifers at birth (38.7 ± 0.56 and 35.6 ± 0.54 kg, respectively; P < 0.001). Forage type grazed at calving did not explain variation in birth weight as a main effect or as an interaction (P > 0.44). Ergovaline concentrations in tall fescue are lower during calving in the spring compared with summer months (Rottinghaus et al., 1991) , and therefore, calving weights may be less affected by forage type as previously observed (Burke et al., 2010) .
Calf Weights across Lactation. The linear regression of calf weight on age in days was highly significant at each time of record; regression coefficient estimates ranged from 0.9 ± 0.11 (weaning weight) to 1.13 ± 0.10 kg/d (late lactation: August weight). Cow age categories within year were significant explanatory variables for weights in April, June, and July and at weaning. Neither cow age nor year was important for calf weight in August (P > 0.16); the minimal detected effects in August may be due to smaller numbers of records available from that month. For all calf weights across lactation, cows sired by outside Angus bulls had heavier (P < 0.01) calves than those sired by STARS Angus bulls. Straightbred Romosinuano and Angus cows (STARS sires) generally had the lightest calves at each time of record across lactation (Table 3 ). Straightbred cows sired by outside-source Angus bulls had calves as heavy as calves out of the F 1 cows at each time of record. Cows in the present study weaned heavier (from 7 to 25 kg) calves than cows of the same breed types in Florida (Riley et al., 2014) , with the exception of Angus cows sired by STARS bulls that had calves with similar weights in both projects. Some of the differences may be attributed to differential direct heterosis of each breed with Charolais; all calves in the Florida project from straightbred cows were F 1 sired by Brahman or by the opposite breed (Angus or Romosinuano), and calves from F 1 cows were all sired by Brahman. Differences could also be due to temperature-humidity index differences or forage types and seasonal forage quality differences between locations. Romosinuano-Bos taurus crossbred cows weaned lighter calves than B. taurus-Angus and B. taurus-Hereford in Nebraska (Wheeler et al., 2006) , and Brangus-, Bonsmara-, and Beefmaster-sired crossbred cows in Nebraska and Louisiana . In the present study, steers were from 7.3 to 20 kg heavier (P < 0.001) than heifers at all times of record (Table 3) .
Calves raised by cows grazing endophyte-free tall fescue pastures were from 3.5 to 7.2 kg heavier (P < 0.03) than calves raised by cows grazing endophyteinfected fescue at all weights of record except July (P = 0.52). No interaction of the forage grazed with any parameterization of breed type was detected (P > 0.12).
Genetic Effects -Calf Weight. Estimates of maternal heterosis (i.e., direct heterosis in the cow for weight of the calf raised) were detected (P < 0.05) and progressively larger for weights from mid-lactation through weaning (Table 4) . Direct Romosinuano effects (in the cow) for calf weight were negative in early lactation (P < 0.04), and offset somewhat by (grand) maternal effects for weight at those times (P < 0.05). Estimates of heterosis or Romosinuano effects of the cow (P < 0.008) produced from models accounting for the forage type minimally differed from those obtained from analyses that did not model forage type and are not presented. Weaning weight maternal heterosis in kilograms and as a percentage of straightbred mean (6.4%) was slightly larger than the corresponding estimate for these breeds in Florida (Riley et al., 2014) and, therefore, as noted there, larger than most estimates from B. taurus crosses. Romosinuano cow direct breed effects on weaning weight were negative in that work although not detected in the present study. Consistent with the Florida work, no genetic effects for birth weight were detected. Maternal heterosis for birth weight has been reported as favorable (that is, negative; e.g., Kress et al., 1990; Arthur et al., 1994 Arthur et al., , 1999 and unfavorable (e.g., Prayaga, 2003) .
Calf Weight Gain. Calf weight gains in the intervals from birth to the April, July, and weaning weigh dates were influenced by cow age nested within year (P < 0.06). Year was otherwise retained as a main effect in final models for weight gain through June and August (P < 0.05). Estimated regression coefficients for calf age in days (P < 0.001) ranged from 0.93 ± 0.1 (total gain through weaning) to 1.13 ± 0.1 kg (gain through August). The Angus sire breed was modeled as 2 sire breeds (STARS and outside sources; P = 0.002). The sire breed of cow × dam breed of cow interaction effects (P < 0.04) for calf gain were characterized generally as 1) low means for calves raised by Angus females sired by STARS bulls; 2) high means for calves raised by F 1 cows and of Angus females sired by bulls from outside Angus bloodlines; and 3) intermediate means for calves of Romosinuano cows (Table 5) . Preweaning calf ADG (results of analyses of ADG were similar to those of analyses of total calf gain and are not presented) cow breed type means were mostly larger (0.05 to 0.16 kg) than those in Florida. As was the case for calf weaning weight, Angus cows sired by STARS bulls had calves with essentially the same ADG in both Arkansas and Florida. Males had greater (P < 0.003) gains through all times of record except early lactation (April). Analyses of calf weight gain and ADG within the short intervals between weights of records in general produced similar results and are not presented.
Calves in endophyte-free fescue pastures had higher (P < 0.009) gains than calves in endophyte-infected fescue pastures to all times of record except July (Table 5 ). There were no detected interactions of forage type grazed with breed type parameterizations (P > 0.13).
Genetic Effects -Calf Weight Gain. Estimates of maternal heterosis for calf gain were significant and positive from mid-lactation (July) through weaning ( Table 4) . The direct Romosinuano effect (P < 0.04) in the cow was manifest as lower calf gains in early lactation. The estimate of maternal heterosis for preweaning calf ADG (all other results of calf preweaning ADG were similar to calf gain and not presented) was 0.07 ± 0.024 (P < 0.01) and almost the same as the Florida estimate (0.08) but slightly lower as a percentage of the straightbred means (7 and 10% in Arkansas and Florida, respectively). Although no direct breed effect was detected for calf preweaning ADG in the present work, a significant negative Angus direct (in the cow) effect on ADG was noted in Florida (Riley et al., 2014) . Maternal heterosis for ADG has been substantial for crosses of a wide variety of breeds (e.g., Roberson et al., 1986; Arthur et al., 1999; Teixeira and Albuquerque, 2005; Prayaga, 2003) . Estimates of these parameters from analyses in which forage type was modeled resulted in only minor differences from those from analyses without forage type modeled and are not presented. This appeared to be consistent with the similar estimates of heterosis for Brahman-Angus milk yield on either endophyte-infected tall fescue or bermudagrass (Brown et al., 1996) , although other work from those researchers highlighted heterosis for milk yield specific to time of lactation and forage grazed (Brown et al., 1996) , with a higher estimate for cows grazing bermudagrass. Direct breed effects -6.8 ± 2.95* -8.9 ± 4.22* Maternal breed effects 3.9 ± 1.76* *P < 0.05; **P < 0.01 1 Effects estimated are those of the cows for traits of the calves and have been referred to as maternal heterosis, maternal breed effects, and grandmaternal breed effects (e.g., Olson et al., 1993) .
2 Empty cells indicate estimates that did not differ from 0 (P > 0.05). Maternal heterosis for preweaning gain is, in part, due to differential milk production of dams. Heterosis estimates for milk yield of Brahman-Angus cows were larger at mid-lactation than either early or late lactation (Brown et al., 1996) . An important result in the present study is the absence of breed type × forage interactions. Angus may be relatively more susceptible to toxin effects in tall fescue than some other breeds: milk yield, fat, and protein were lower for cows grazing endophyte-infected tall fescue than those grazing bermudagrass, and the difference was larger for Angus cows than for Brahman cows (Brown and Brown, 2002) , and ADG of calves of Angus cows was correspondingly lower. Burke et al. (2010) observed no differences in milk production due to grazing endophyte-infected or endophyte-free tall fescue in straightbred Angus or Romosinuano cows; however, milk fat percentage was reduced in endophyte-infected grazed Angus (but not Romosinuano) cows. Average daily gain of straightbred and crossbred calves of Angus cows in Louisiana was generally lower than calves of potentially more adapted breeds, including Brahman, Brangus, and Afrikander crossbred cows, especially in mid-lactation (Reynolds et al., 1978) .
Cow Weights and Changes
Attempts to model animal as random in analyses of most cow traits resulted in failure of equations to converge. Therefore, analyses of the traits that follow included sire as the only random effect.
Monthly Cow Weight. Cow age within year explained substantial variation in cow weight measured at different times in lactation (P < 0.07). Cows sired by Angus bulls from outside the STARS research herd were heavier (P < 0.05) in early lactation than females sired by bulls born and raised in the research herd; this was evidenced as a sire breed difference (P < 0.001) for weight in April and as a sire breed × dam breed interaction in June and July in F 1 cows (P < 0.04) but not in the 2 straightbred Angus groups (P > 0.12; Table 6 ). No differences for source of Angus sire were detected for cow weight in late lactation (P > 0.2); this was consistent with results from analyses of 6-yr-old cow weights at weaning in Florida. Breed group means and their differences in Arkansas at the different times in lactation were similar to those in Florida; means for Romosinuano cows were lighter in Arkansas. Romosinuano-B. taurus F 1 females were lighter at puberty and 18 mo of age than Angus, Hereford, and tropically adapted (Brangus, Bonsmara, and Beefmaster) cows in Nebraska (Wheeler et al., 2006) , and as yearlings, Romosinuano-MARC III were lighter than the same tropically adapted breeds in both Nebraska and Louisiana .
For all weights of record across lactation, cows grazing endophyte-free tall fescue were heavier (P < 0.02) than those grazing endophyte-infected tall fescue pastures (Table 6 ), but no evidence of a breed type interaction with forage type grazed was detected (P > 0.2). This was unexpected, as Romosinuano cows were less sensitive to tall fescue toxins than Angus cows in that toxin-induced serum concentrations of prolactin were higher and rectal temperatures were lower than Angus cows (Burke et al., 2010) .
Cow Weight Change. Cow age nested within year was retained in models for analysis of cow weight change for intervals from April (earliest weight recorded in each year) through weaning (P = 0.025) but was not in analyses of cow weight change in the other intervals (April to each other weight of record; P > 0.17). Year was highly significant as a source of variation in those analyses. No evidence supported separating cows by source of Angus sire for cow weight change (P > 0.37). The sire breed × dam breed interaction (P < 0.03) was characterized by the large negative means of Angus cows in all 4 intervals (April through each of the other weights of record; Table 7 ). Angus-sired F 1 cows had weight change that was intermediate (P = 0.001) to the low mean for Angus cows and the higher mean of Romosinuano cows. The lower amount of weight loss (or weight gain in the intervals from April to June or August) of Romosinuano cows may correspond to the lower milk production relative to Angus (Burke et al., 2010) . Analyses of cow weight change in the short intervals between times of record produced mostly similar results and are not presented. Crossbred cows (Angus-Hereford, and Brahman, Sahiwal, and Pinzgauer crosses with Angus and Hereford) in Nebraska had weight gain, that is, they did not lose weight, across lactation (Green et al., 1991) . Cow weight change was negative and more extreme for cows grazing endophyte-infected fescue in early lactation. In late lactation, however, cows grazing endophyte-free fescue had more (P < 0.001) weight loss (Table 7) . This may be reflective of the declining quality of this cool season forage during the dormant summer months (Ball et al., 1996) . Genetic Effects. Significant heterosis was detected for cow weight at all times of record (Table 8 ). The estimate of heterosis for cow weight at weaning was similar in trait units and as a percentage of straightbred means (5.5%) to that reported previously for 6-yr-old cows (Riley et al., 2014) but lower than estimates for Bos indicus-British crosses (e.g., Olson et al., 1990) . No heterosis for weight at the estimated time of first conception as heifers was detected for these breeds . Romosinuano direct effects (P < 0.04) indicated a reduction in cow weight for early lactation records (June and July), and this result was distinct from the absence of such effects for 6-yr-old cow weight in Florida. Heterosis was positive for cow weight change in the intervals from the April weigh date to all others (P < 0.05). Romosinuano direct effects for cow weight change in all intervals were positive (P < 0.001). When the type of forage grazed was included, estimates of Romosinuano direct effects for cow weights and for weight change across the intervals were similar in magnitude to those in Table 8 .
Cow Weight Relative to Calf Growth
Calf Weight:Cow Weight. Calf age was a highly significant linear covariate in models of calf weight as a proportion of cow weight at each time measured during lactation; estimated regression coefficients were 0.002 for each with SE ranging from 0.0001 to 0.0004. Cow age was not included in final models (P > 0.33). Year explained variation for calf weight as a proportion of cow weight in mid-lactation (June and July weights; Table 7 . Means for cow weight change (kg) for intervals from the initial weigh date in April through each other weigh date by sire breed of cow (April) and sire breed of cow-dam breed of cow and forage grazed 1
Group
No. a-c Within a trait (time of record in columns) and effect (rows grouped together), means that do not share a common superscript differ (P < 0.05). 1 First and second letters designating a cow breed type represent the breed of the cow's sire and dam, respectively: R = Romosinuano; A = Angus.
2 Forage type grazed by cows during lactation: EF = endophyte-free fescue; EI = endophyte-infected tall fescue. *P < 0.05; **P < 0.01; ***P < 0.001. P < 0.05) but not later (P > 0.23). Sire breed of cow was modeled with 2 categories for Angus corresponding to source (P < 0.05). Although the sire breed × dam breed interaction was not kept in final models of calf weight:cow weight at weaning (P = 0.18), cows sired by outside source Angus bulls had higher (P = 0.002) values of this proportion than cows sired by STARS Angus bulls (Table 9) . No parameterization of cow breed type was appropriate for analysis of August values of this trait (P > 0.79). Angus cows sired by STARS bulls had the lowest means for this ratio in June and July; those sired by outside Angus bulls had the greatest (Table 9) . Earlier, a difference between Romosinuano cows and Romosinuano-sired F 1 cows was the only breed type difference detected for this trait (although calculated slightly differently as calf weaning weight:100 kg cow weight at weaning) in Florida (Riley et al., 2014) . Cows raising steer calves had larger (P < 0.001) means for this trait at all times measured through lactation (Table 9) . Cows grazing endophyte-infected fescue had greater (P < 0.05) June and July values of this trait than those grazing endophyte-free fescue (Table 9) but not in later lactation (P > 0.23). No interaction of breed group with forage was detected for this trait (P > 0.28).
Cow Weight Change:Calf Gain. The linear covariate of calf age was significant in analyses of cow weight change:calf gain for intervals from April through all weigh dates except August (P = 0.14); regression coefficient estimates ranged from 0.001 ± 0.0008 to 0.006 ± 0.003. That is, increases in calf age were associated with larger (less negative) values of this ratio, which may be simply the result of the effect of having larger calf gain as the divisor. Cow age within year was significant for this ratio from April through weaning but not for any other interval (P > 0.12). Year was kept in those analyses as a fixed effect (P < 0.005). Sex of calf did not explain variation in these dependent variables (P > 0.84). Differences between sources of Angus sires of cows were not detected for this trait (P > 0.41). In all intervals, the mean for Angus cows was negative and lower (P < 0.01) than other breed groups (Table 10) . Angus-sired F 1 cows had a lower (P = 0.02) ratio than Romosinuano cows for the interval from April to weaning; that relationship approached importance (P = 0.1) for the April to August interval. Table 9 . Breed group (sire breed at weaning), calf sex, and forage grazed means for calf weight:cow weight by month of lactation 1 This ratio was also quantified in the short intervals between successive times of record, but those results were generally similar to those above and are not presented. Variation in efficiency of production is influenced by feed intake, digestion of feed, metabolism, activity, thermoregulation, weight gain, weight, and prolificacy (Johnson et al., 2003) of cows and calves. Although they did not report such a ratio, means for preweaning calf weight gain from Green et al. (1991) ranged from 116.9 kg for calves of Hereford-Angus crossbreds to 139.5 kg for calves of Brahman crossbreds (all calves were sired by Charolais). Cow weight change ranged from 4.2 kg for Brahman crossbreds to 9 kg for Pinzgauer crossbreds. Corresponding ratios calculated from the tabular values for cows (Green et al., 1991) were 0.036, 0.03, 0.057, and 0.07 for Angus-Hereford, Brahman, Sahiwal, and Pinzgauer crossbreds, respectively. Angus-Hereford crossbred cows had a lower mean for the ratio of grams calf BW gain:DMI (kg) of the cow than the ratio for B. indicus crossbred cows (Jenkins and Ferrell, 2004) . reported a greater Angus-Hereford ratio of calf weight gain (g):megacalories cow energy intake than that for Chianina and Gelbvieh crossbred cows. Differences between Angus-Hereford crossbred cows and other breed groups (particularly Brahman) were reported for various efficiency ratios of calf weight gain to intake or ME intake (Green et al., 1991) . Calegare et al. (2009) reported efficiency ratios similar to those of Jenkins and Ferrell (2004) but included calf intake (calf weight gain [g]:total Mcal metabolic energy intake of cows and calves and kcal calf retained energy:total Mcal metabolic energy intake of cows and calves) and greater values of these for Angus cows than for Nellore cows.
The effect of forage type grazed favored endophyte-free fescue in early lactation but endophyte-infected fescue in longer intervals through late lactation (Table 10) . It seemed reasonable to envision a depressive effect of the toxin in endophyte-infected tall fescue on efficiency (Stuedemann and Hoveland, 1988) ; however, as for other traits, no interaction of forage type with breed type was detected (P > 0.34).
Estimates of Genetic Effects. The failure to detect genetic effects for calf weight:cow weight was inconsistent with the almost 7% heterosis for calf weaning weight:100 kg cow weight at weaning in Florida (Riley et al., 2014) . Estimates from other pairs of breeds for that trait ranged from 7 to 19% (Kress et al., 1992; Winder et al., 1992) . Estimates of heterosis and direct Romosinuano effects were positive for cow weight change:calf gain in all intervals except April to August (P < 0.04; Table 8 ). When forage type was modeled, significant estimates of genetic effects were detected (P < 0.03) only in the shortest and longest of those intervals and they were not substantially different from those presented in Table 8 .
It would be an important result to conclude that Romosinuano cows are more tolerant of the toxin in endophyte-infected tall fescue, as is Brahman (Brown et al., 1996 (Brown et al., , 2001 ; however, no evidence was accrued to support that notion. It may be useful to consider the results of the present study in the context of the transient exposure to the toxins in tall fescue. For example, the weight loss of lactating cows in the present study is not consistent with the cow weight gain across lactation reported from the U.S. Great Plains (Green et al., 1991) and may be indicative of such an overall stress. Romosinuano cows are relatively poor milk producers (Burke et al., 2010) ; breeds with lower milk production may be inherently less influenced by the toxin or by heat stress during lactation. Romosinuano cows had no increase in rectal temperature and lower changes of serum concentrations of prolactin (Burke et al., 2010) . Calf weights and preweaning gains are strongly positively related with milk production of dams (Totusek et al., 1973; , and cow breed types with the heaviest calves could be presumed to have the greatest milk production. Variation in production characteristics such as milk yield and calf gain has a strong positive relationship with nutrient requirements for maintenance (Ferrell and Jenkins, 1985) . Maintenance energy requirements of cows are more dependent on milk production than mature size (Calegare et al., 2009) . Milk production was reported as more strongly related to BW change in the nonlactating part of the year (Miller et al., 1999) , perhaps as recovery of weight lost through the lactating time.
The expectation was that Angus cows are generally very good milk producers. They mostly have been reported as having lower milk yield than other breeds, but primarily those of a dual-purpose, European origin (e.g., , or than B. indicus crosses (Daley et al., 1987; Green et al., 1991) although with at least one exception (Jenkins and Ferrell, 2004) . The weight loss of the Angus cows may indicate that they are more susceptible to the toxin, especially in combination with heat stress and lactation. That is, the energy expenditure for the milk production was not offset by energy intake (not measured in this work) or at least more perturbed, possibly by the presence of the toxin; this energy imbalance in cows is not unique to harsh forage (Jenkins et al., 2000) . If that is the case, it could be expected that the weight loss would have been more severe if cows had been pastured on endophyte-infected tall fescue for the duration of the project, especially during lactation in summer months (corresponding with the seasonally higher concentrations of ergot alkaloids; Rottinghaus et al., 1991) rather than transiently, that is, for year-long intervals. Angus cows had greater milk yield than Romosinuano cows, and yield was not influenced by forage type (Burke et al., 2010) , although other milk parameters appeared to have been. It is possible that the Angus breed mean for weight change was influenced by Florida cows, because it could be reasoned that the cows purchased in Arkansas may have had some selective pressure for adaptation to forage conditions, but that was not supported in these analyses (P > 0.37). Characteristics of lactation (as a function), including peak yield and shape parameters, appear to be unique for Angus cows relative to other breeds , and some aspect of that uniqueness may interact with a grazing system that includes endophyteinfected fescue to the detriment of those cows. The protein and fat component levels of milk may be affected by grazing endophyte-infected tall fescue and its interaction with season of the year, and that may be breed specific (Brown et al., 1996 (Brown et al., , 2001 Burke et al., 2010) . Reproductive performance of Angus cows in these data was low relative to Romosinuano (Riley et al., 2015) .
In summary, Romosinuano cows had heavier Charolais-sired calves than Angus cows across lactation. Romosinuano-Angus crossbred cows had reduced weight loss per calf gain than the purebred average, although the Romosinuano mean was generally closer to the F 1 mean at different times across lactation and estimates of heterosis were strongly influenced by lower Angus means. All fescue exposure for cattle in this study was deliberately transient. Although grazing fescue appeared to be detrimental for many traits, it did not influence estimates of heterosis or breed effects. A designed comparison of breeds within the different forage types may be useful, as was done for Brahman and Angus (Brown et al., 2000) , because the value of a Criollo breed such as Romosinuano would be in some part as an alternative adapted breed. Adaptation to conditions in the fescue belt would be an important role for such a breed. The adaptive ability of Romosinuano in temperate fescue regions may be favorable with respect to relative cow and calf weights but may be a consequence of lower milking ability.
